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rends in postpartum hemorrhage: United States, 1994–2006
illiam M. Callaghan, MD, MPH; Elena V. Kuklina, MD, PhD; Cynthia J. Berg, MD, MPH
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BJECTIVE: The purpose of this study was to estimate the incidence of
ostpartum hemorrhage (PPH) in the United States and to assess trends.

TUDY DESIGN: Population-based data from the 1994–2006 National
npatient Sample were used to identify women who were hospitalized with
ostpartum hemorrhage. Data for each year were plotted, and trends were
ssessed. Multivariable logistic regression was used in an attempt to ex-
lain the difference in PPH incidence between 1994 and 2006.

ESULTS: PPH increased 26% between 1994 and 2006 from 2.3%
ite this article as: Callaghan WM, Kuklina EV, Berg CJ. Trends in postpartum hemo
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as due to an increase in uterine atony, from 1.6% (n � 58,597) to
.4% (n � 99,904; P � .001). The increase in PPH could not be ex-
lained by changes in rates of cesarean delivery, vaginal birth after ce-
arean delivery, maternal age, multiple birth, hypertension, or diabetes
ellitus.

ONCLUSION: Population-based surveillance data signal an apparent
ncrease in PPH caused by uterine atony. More nuanced clinical data
re needed to understand the factors that are associated with this trend.
n � 85,954) to 2.9% (n � 124,708; P � .001). The increase primarily Key words: postpartum hemorrhage, pregnancy, uterine atony
rrhage: United States, 1994–2006. Am J Obstet Gynecol 2010;202:353.e1-6.
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ostpartum hemorrhage (PPH) is a
frequent complication of pregnancy

nd is among the most common causes
f pregnancy-related death in the United
tates.1 Recent reports demonstrated a
ising trend in severe maternal morbid-
ty during US delivery hospitalizations
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For Editors’ Commentary,
hat was attributable largely to the in-
reased use of blood transfusions.2,3 In
ddition, data from Canada and Austra-
ia indicate recent increases in PPH
ates4,5 and aggregate US data show that
he percentage of women whose dis-
harge records contained International
lassification of Diseases, 9th Revision,
linical Modification (ICD-9-CM) codes

or PPH increased from 2.0% in 1993–
997 to 2.6% in 2001–2005.6

PPH is an etiologically heteroge-
eous event and not a diagnosis. The
auses of PPH include poor uterine
one (uterine atony), retained placen-
al tissue, abnormalities of placenta-
ion, genital tract trauma, and abnor-

alities of coagulation. A recent report
ocumented that apparent increases in
ates of PPH largely were due to an in-
rease in the use of the ICD-9-CM code
or uterine atony.4 As a first step to bet-
er understand the problem of PPH in
he United States, we undertook a de-
criptive analysis of US population-
ased administrative hospital dis-
harge data to examine trends in PPH,
ith special attention to the contribu-

ion of uterine atony and associated
bstetric factors.

ATERIALS AND METHODS
ata for this investigation were obtained
Inpatient Sample f

APRIL 2010 Americ
NIS) for the years 1994 –2006. The NIS
s part of the Agency for Healthcare Re-
earch and Quality’s Healthcare Cost
nd Utilization Project. The details of the
IS have been described in detail else-
here.7 Briefly, the NIS is the largest in-
atient care database in the United
tates; after appropriate weighting, NIS
ata are intended to be representative of
ll patients who are admitted to US hos-
itals. During annual data collection by
he Healthcare Cost and Utilization
roject, all nonfederal community hos-
itals from participating states are strat-

fied by rural/urban location, number of
eds, region of the country, teaching sta-
us, and ownership. Within each stra-
um, a systematic random 20% sample of
ospitals is drawn. The database con-
ains �15 diagnosis fields and 15 proce-
ure fields for each discharge; diagnoses
nd procedures are coded at the hospital
t discharge with the ICD-9-CM codes.
ecause the NIS is available to the public
nd does not contain any personal iden-
ifying information, this investigation
id not require approval by an institu-
ional review board.

Except for age, the NIS does not col-
ect individual demographic informa-
ion, nor does it report obstetric char-
cteristics for individual pregnancies,
xcept those that can be translated to
CD-9-CM codes. As such, this analysis
ocuses on ICD-9-CM diagnosis codes

or obstetric hemorrhage and coded

an Journal of Obstetrics & Gynecology 353.e1
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haracteristics of the delivery. Follow-
ng the validated methods of Kuklina et
l,8 we characterized delivery hospitaliza-
ions using a hierarchic algorithm based on
CD-9-CM diagnosis and procedure codes
nd diagnosis-related group codes.

There are 4 ICD-9-CM codes for PPH.
ases of uterine atony at delivery were

dentified by the 5-digit code 666.1X. All
ther PPH was identified by the PPH
odes 666.0X (retained, trapped, or ad-
erent placenta), 666.2X (delayed and
econdary PPH), and 666.3X (postpar-
um coagulation defects). We collapsed
he latter 3 codes (for cases of PPH not
ttributable to uterine atony) into a
ingle category labeled “other hemor-
hage.” Cesarean section delivery was
dentified by ICD-9-CM code 74.X, in-
uction by 73.4, previous cesarean sec-
ion delivery by 654.2X, and blood trans-
usions by 99.03 and 99.04.

We calculated rates as percentages of
eliveries, plotted annual rates from

TABLE 1
Maternal and hospitalization chara

Characteristic

Perce

1994

Age, y
..........................................................................................................

�20 12.8 �
..........................................................................................................

20-34 75.1 �
..........................................................................................................

�34 12.1 �
...................................................................................................................

Payer
..........................................................................................................

Medicaid/Medicare 38.7 �
..........................................................................................................

Private insurance 53.0 �
..........................................................................................................

Self 8.3 �
...................................................................................................................

Mode of delivery
..........................................................................................................

Vaginal 74.8 �
..........................................................................................................

Vaginal birth after cesarean 4.0 �
..........................................................................................................

Repeat cesarean 7.7 �
..........................................................................................................

Primary cesarean 13.4 �
...................................................................................................................

Labor induction 9.8 �
...................................................................................................................

Multiple birth 1.4 �
...................................................................................................................

Hypertensionb 5.6 �
...................................................................................................................

Diabetes mellitusb 3.4 �
...................................................................................................................

Probability values are all � .001 for comparisons between 19
a May not total to 100 because of rounding; b Includes gestati

Callaghan. Trends in postpartum hemorrhage. Am J Obst
994-2006, and assessed the significance l

53.e2 American Journal of Obstetrics & Gynecolo
f trends in rates by calculating orthog-
nal polynomial contrasts according to
he methods of Fisher and Yates as de-
cribed in the SUDAAN Example Man-
al.9 In an attempt to explain trends in
ates, we used logistic regression to
odel uterine atony as a function of

ime, maternal age, induced labor, cesar-
an delivery, multiple birth, hyperten-
ion during pregnancy, diabetes mellitus
uring pregnancy, and hospital location
nd characteristics. We compared rates
f uterine atony in 2006 with those in
994 for each mode of delivery after age
tandardizing the 2006 rate to the age
istribution of women who delivered in
994. Finally, the odds of atony for each
ode of delivery were calculated for

994 and for 2006 with adjustment for
ge. All counts and proportions were
eighted with the use of the weighting
ariables in the NIS that account for the
omplex sampling design. Hence, esti-
ates are generalizable to the US popu-

ristics, 1994 and 2006
ge � SEa

3,791,724) 2006 (n � 4,260,198)

..................................................................................................................

.4 10.5 � 0.3

..................................................................................................................

.2 75.4 � 0.2

..................................................................................................................

.3 14.2 � 0.4

..................................................................................................................

..................................................................................................................

.3 42.9 � 1.3

..................................................................................................................

.5 50.3 � 1.6

..................................................................................................................

.8 6.8 � 0.7

..................................................................................................................

..................................................................................................................

.3 67.0 � 0.3

..................................................................................................................

.1 1.5 � 0.1

..................................................................................................................

.1 13.5 � 0.2

..................................................................................................................

.2 18.1 � 0.3

..................................................................................................................

.4 16.3 � 0.5

..................................................................................................................

.0 1.7 � 0.0

..................................................................................................................

.1 8.1 � 0.1

..................................................................................................................

.1 6.1 � 0.1

..................................................................................................................

nd 2006.

and pregestational conditions.

ynecol 2010.
ation. All analyses were performed with i

gy APRIL 2010
AS software (version 9.1; SAS Institute
nc, Cary, NC) and SAS-callable
UDAAN (version 9.0; RTI Interna-
ional, Research Triangle, NC).

ESULTS
rom 1994 –2006, the NIS collected data
n 10,481,197 delivery hospitalizations,
hich represented a weighted estimate
f 51,674,542 delivery hospitalizations in
he United States during that period;
.7% of the women who were discharged
fter delivery during that period received
code for PPH. Three-fourths of these
omen were identified by the presence
f the single code for uterine atony. Two
f every 1000 women with a PPH code
lso had a code for blood transfusion at
ischarge. One in 4 women delivered by
esarean section, and 1 in 7 women had
abor induction. Maternal characteris-
ics of the population and the character-
stics of the delivery hospitalizations
ere different between 1994 and 2006

Table 1). In 2006, women were older
nd more likely to use government in-
urance; they were more likely to deliver
y cesarean section or after induction of

abor, have a multiple gestation, and
ave pregnancies that were complicated
y hypertension and diabetes mellitus.
n 2006, women were less likely to have a
aginal birth when a previous birth oc-
urred by cesarean section delivery.

Between 1994 and 2006, the percent-
ge of deliveries with a code for PPH in-
reased by 26%, from 2.3% (85,954 de-
iveries) to 2.9% (124,708 deliveries; test
f trend, P � .001; Figure 1). There was a
arallel increase in PPH caused by atony
uring this same time period, from 1.6%
58,597 cases) to 2.4% (99,904 cases; P �
001). Delivery hospitalizations with
PH codes not caused by atony did not

ncrease (P � .05). Multivariable logistic
egression with simultaneous adjust-
ent for all variables that are given in
able 1 and hospital size, urban vs rural

ocation, geographic region, and teach-
ng status showed no significant effect of
hese variables on the change in the risk
f PPH between 1994 and 2006.
The percentage of delivery hospitaliza-

ions with the ICD-9-CM code for uter-
cte
nta

(n �

.........

0
.........

0
.........

0
.........

.........

1
.........

1
.........

0
.........

.........

0
.........

0
.........

0
.........

0
.........

0
.........

0
.........

0
.........

0
.........
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ne atony varied by the mode of delivery
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nd whether pregnancy was induced
Figure 2). The highest rate of uterine at-
ny occurred among women whose la-
or was induced and who delivered vag-

nally. This was followed by women
hose induction ended in cesarean de-

ivery and women who had vaginal births
ithout induction of labor. Women who
ad cesarean deliveries and did not have

nduced labor consistently had the low-
st rates of PPH caused by atony. The
ercentage of women with a PPH code
hat indicated atony who also had a code
or blood transfusion more than dou-
led between 1994 and 2006 (test of
rend, P � .001; Figure 3).

In 1994, the group at lowest risk of
PH from atony was women who deliv-
red by cesarean section with no induc-
ion (Table 2). Compared with that
roup, women who had vaginal deliver-
es with induced labor had the highest
isk of atonic PPH (odds ratio [OR],
.7), followed by women who had vagi-
al deliveries without induced labor
OR, 2.5) and women who had cesarean
eliveries after induced labor (OR, 1.8).
etween 1994 and 2006, the overall rate
f PPH caused by uterine atony in-
reased by 50%. This rate increased
mong women with all 4 combinations
f delivery method and induction status
test for trend, P � .001; Figure 2). How-
ver, the percent increase differed ac-
ording to induction status and method
f delivery (Table 2). For both induced
nd noninduced labors, the increase in
tony rates among women who had ce-
arean deliveries was greater than the in-
rease among women who had vaginal
eliveries. In fact, for the last 2 years of
bservation, the rates of uterine atony
or women whose labor was induced
ere virtually identical for women with
aginal or with cesarean delivery (Figure
). By 2006, the rates of hemorrhage and
he ORs for PPH caused by uterine atony
ere more similar than the rates and ORs

n 1994 for both modes of delivery re-
ardless of labor induction. The percent-
ge change in uterine atony was dramat-
cally greater for cesarean deliveries
ompared with vaginal deliveries, which
esulted in decreased ORs for vaginal de-

iveries in 2006 when noninduced cesar-
an deliveries served as the reference
roup (Table 2).
The distribution of deliveries in 1994

nd 2006 by the use of labor induction
nd delivery method is shown in Table 3.

hen these changes in the distribution
f labor induction and methods of deliv-
ry were taken into account, the propor-
ion of all cases of uterine atony that oc-

FIGURE 1
Annual postpartum hemorrhage ra
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FIGURE 2
Annual rates of postpartum hemo
of delivery, and by induction status
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urred among women who had a vaginal
elivery decreased from 90 –77%; the
roportion among women who deliv-
red by cesarean section increased from
0-23%. Because of an increase in the
ercentage of women who had cesarean
eliveries, women who delivered by ce-
arean section without labor induction
the group with the lowest rate of uterine

(United States, 1994–2006)

000 2001 2002 2003 2004 2005 2006

All postpartum hemorrhage

Postpartum hemorrhage due to atony

Postpartum hemorrhage not atony

col 2010.

hage caused by atony, by mode
nited States, 1994–2006)

000 2001 2002 2003 2004 2005 2006

Vaginal induced

Cesarean induced

Vaginal not induced

Cesarean not induced

All atony

col 2010.
tes
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yne
rr
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yne
an Journal of Obstetrics & Gynecology 353.e3



a
t
c

C
T
h
e
i
a
m
w
u
a
d
p

s
s
t
g
a
m
c
r
t

t
f
A
h
t
o

A
t
i
t
t
o
d
i
p
p
o
P
l
o
c
f
s
t
W

l
d
t
t
i
t
n
e
f
c
b
w
w
t
i
o
b

C

Research Obstetrics www.AJOG.org

3

tony) made the greatest contribution to
he increased number of uterine atony
ases between 1994 and 2006.

OMMENT
he percentage of US women whose
ospital discharge records after a deliv-
ry contained ICD-9-CM codes for PPH
ncreased substantially between 1994
nd 2006. This increase was driven pri-
arily by an increase in the percentage of
omen with an ICD-9-CM code for
terine atony, and it occurred for vaginal
nd cesarean deliveries regardless of in-
uction status. The accompanying dis-
roportionate increase in transfusions

FIGURE 3
Transfusion rates among women w
caused by atony (United States, 19
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TABLE 2
Estimated ratesa of uterine atony a

Delivery type

Rate (95% CI)

1994

Overall 1.6 (1.4–1.8)
...................................................................................................................

Vaginal
..........................................................................................................

Induced 2.5 (2.3–2.8)
..........................................................................................................

Not induced 1.7 (1.5–1.9)
...................................................................................................................

Cesarean
..........................................................................................................

Induced 1.2 (0.9–1.6)
..........................................................................................................

Not induced 0.7 (0.6–0.8)
...................................................................................................................

CI, confidence interval.
a Age-adjusted to the age distribution of the 1994 delivery ho
Callaghan. Trends in postpartum hemorrhage. Am J Obstet G

53.e4 American Journal of Obstetrics & Gynecolo
uggests the possibility of an increase in
everity of PPH caused by atony, al-
hough there was some evidence of a
eneral increase in the use of transfusion
cross the United States.10 Interestingly,
aternal mortality rates for deaths

aused by childbirth-associated hemor-
hage did not change substantially over
his same time period.11,12

Administrative discharge data such as
hose from the NIS are particularly use-
ul for population-based surveillance.
lthough lacking in clinical detail, large
ospitalization databases can suggest
hat events or conditions are increasing
r decreasing in frequency or severity.

postpartum hemorrhage
–2006)

000 2001 2002 2003 2004 2005 2006

col 2010.

corresponding odds ratios, 1994 and

2006 Change, %

2.4 (2.2–2.5) 50
.........................................................................................................................

.........................................................................................................................

3.2 (3.0–3.5) 28
.........................................................................................................................

2.5 (2.3–2.7) 47
.........................................................................................................................

.........................................................................................................................

3.1 (2.8–3.5) 160
.........................................................................................................................

1.6 (1.5–1.8) 130
.........................................................................................................................

lization population.
ynecol 2010.

gy APRIL 2010
lthough the increase that we found in
he reported rate of PPH caused by uter-
ne atony could have alternative explana-
ions (such as changes in coding prac-
ices, changing definitions of the event,
r a general increased awareness and
ocumentation of the event), our find-

ngs are consistent with other recently
ublished reports. Over a similar time
eriod and with the use of similar meth-
ds, Joseph et al4 reported an increase in
PH from 4.1-5.1% in Canada that

argely was due to an increase in the rate
f uterine atony; adjustments for
hanges in the prevalence of PPH risk
actors did not explain the increase. A
imilar increase in PPH rates from 1994
hrough 2002 was reported in New South

ales, Australia.5

The trend in the prevalence of PPH in
arge databases may be affected by the
efinition of the event over time. Al-
hough there is no evidence that defini-
ions have changed in recent years, it is
mportant to note that several defini-
ions have been used. A traditional defi-
ition for PPH in the United States is an
stimated blood loss of at least 500 mL
or a vaginal delivery and 1000 mL for a
esarean delivery.13 These criteria are
ased on mean blood losses from 75
omen who delivered vaginally and 40
omen who delivered by cesarean sec-

ion; nearly one-half of these women lost
n excess of these limits.14 In contrast, an
nline coding manual defines PPH as
lood loss in excess of 500 mL without

006
Odds ratio (95% CI)

1994 2006

..................................................................................................................

..................................................................................................................

3.7 (3.2–4.4) 2.1 (1.9–2.2)
..................................................................................................................

2.5 (2.2–2.9) 1.6 (1.5–1.7)
..................................................................................................................

..................................................................................................................

1.8 (1.4–2.3) 2.0 (1.8–2.2)
..................................................................................................................

Reference Reference
..................................................................................................................
ith
94

2

yne
nd 2

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........
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eference to mode of delivery.15 How-
ver, it is not apparent that the physio-
ogic effect of blood loss differs by mode
f delivery; blood loss of �1000 mL is
ssociated with considerable morbidity,
ompared with lesser amounts.16 More-
ver, estimating blood loss is fraught
ith error; visual estimation consistently
nderestimates blood loss compared
ith calculated estimates that are based
n estimated maternal blood volume
nd changes in hematocrit level before
nd after delivery.17 It is unknown how
ariation in the definition of PPH or how
lood loss is estimated affects variation

n coding or how medical coders use nar-
ative in the medical record, checkboxes
n labor and delivery summaries, and
ritten estimates to arrive at a coded di-

gnosis for uterine atony. However, be-
ause cesarean deliveries may have to
eet a higher standard for blood loss to
eet the definition of PPH compared
ith vaginal deliveries, our finding that
oninduced cesarean deliveries had the

owest PPH rate might be explained par-
ially by the difference in case definition
f PPH for these modes of delivery.
Prevention of PPH remains a chal-

enge. Risk factors for PPH, which in-
lude high infant birthweight, induced
abor, chorioamnionitis, and multi-
le gestations, are well-established.16,18

owever, these risk factors have only
oderate positive predictive value for

PH caused by uterine atony and hence
ave limited clinical value. Although the

TABLE 3
Distribution of deliveries and numb

Type of delivery

Delivery distribu
%a

1994

Overall 100
...................................................................................................................

Vaginal 78.8
..........................................................................................................

Induced 8.1
..........................................................................................................

Not induced 70.7
...................................................................................................................

Cesarean 21.2
..........................................................................................................

Induced 1.7
..........................................................................................................

Not induced 19.5
...................................................................................................................
a Percentages may not total to 100 because of rounding.

Callaghan. Trends in postpartum hemorrhage. Am J Obst
ctive management of the third stage of i
abor has been demonstrated to reduce
he occurrence of PPH,19 a recent Aus-
ralian report documented significant
ariation in practice regarding the man-
gement of the third stage of labor.20 The
xtent to which active management oc-
urs in the United States is not known.
owever, a multifaceted behavioral in-

ervention has been shown to be effective
n increasing the rates of prophylactic
xytocin use during the third stage of la-
or.21 Secondary prevention of hemor-
hage relies on the accurate and timely
stimation of blood loss in real time, and
esearchers who use simulation exercises
ave reported improvements in esti-
ates of maternal blood loss during

elivery.22,23

Our study was limited by its reliance
n administrative hospital discharge
ata. Although morbidity codes tend to
e specific and have good negative
redictive values, they often are not sen-
itive.24-26 Hence, our use of coded dis-
harge data likely caused us to underes-
imate the incidence of PPH. Until a
niform definition of clinically mean-

ngful PPH is widely accepted and tools
or the assessment of blood loss at deliv-
ry are widely adopted, it will be difficult
o establish a medical record gold stan-
ard for use in validation studies. It is
lso possible that cases of hemorrhage
hat was not caused by atony (such as
bnormalities of placentation [ICD-9-
M 666.0X]) are incorrectly coded as at-
ny. We found that labor induction is an

of uterine atony cases, 1994 and 200
n,

Cases of postpartum hemorrhag

6 1994 2006

58,597 99,905
.........................................................................................................................

.9 52,815 (90.2%) 76,760
.........................................................................................................................

.2 7651 (13.1%) 17,972
.........................................................................................................................

.7 45,164 (77.1%) 58,788
.........................................................................................................................

.1 5782 (9.9%) 23,145
.........................................................................................................................

.1 790 (1.3%) 4127
.........................................................................................................................

.0 4992 (8.5%) 19,018
.........................................................................................................................

ynecol 2010.
mportant risk for PPH caused by atony. s

APRIL 2010 Americ
owever, to the extent that our data
acked sensitivity to identify induced la-
or, we may have underestimated the
rue risk. Last and perhaps most impor-
ant, administrative discharge data have

inimal information about maternal
nd infant characteristics (such as obe-
ity and birthweight) and events that oc-
urred during labor and delivery that
ight have contributed to the risk of

terine atony. Specifically, although the
CD-9-CM includes procedure codes for
nduction, it does not include a specific
ode to indicate whether labor occurred;
s a result, we could not determine re-
iably whether labor preceded nonin-
uced cesarean deliveries. Similarly, be-
ause of the likelihood of confounding
r interaction by labor status, we were
nable to perform a meaningful assess-
ent of the impact of primary and repeat

esarean section delivery on PPH. The
pparent leveling of the increase in PPH
n the most recent years is coincident
ith the general increase in cesarean de-

iveries; the inability to understand the
elationships among primary and repeat
esarean deliveries and procedures that
ere performed without or after labor

imits our ability to explain our observa-
ions with these data.

Taken together with similar reports
rom other countries with well-devel-
ped systems for delivery of health ser-
ices, the apparent increase in PPH in
ecent years suggests an emerging threat
o women during labor and delivery. De-

aused by uterine atony, na
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iewed from the perspective of surveil-
ance and not from the perspective of eti-
logic research, the increasing trend in
terine atony that we present might be
iewed as a signal that requires attention
nd investigation. Ideally, confirmatory
nvestigations could be carried out in
arge delivery hospitals or hospital sys-
ems with access to more nuanced data
bout pregnant women and their deliv-
ry experiences. f
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